We present the results of studying the spectral and photometric variability of the luminous blue variable star V 532 in M 33.
INTRODUCTION
Luminous blue variables (LBVs) represent one of the least understood stages in the evolution of massive stars. Difficulties in the understanding of these objects are dictated both by the paucity of well-known LBV stars, their diversity, strong spectral and photometric variability [1, 2] , as well as by our inaccurate knowledge of their fundamental parameters. Evidently, a massive star can manifest itself as an LBV after the O star stage in the Main Sequence, and before the late nitrogen WR star (WNL). However, a more accurate position of LBV stars in the OV → WNL transition is yet unclear [3] . It is very likely that the LBV stage and the wind instabilities, corresponding to this stage are determined by the hydrogen abun-2 dance in the stellar atmosphere. However, it is not an easy matter to both measure the hydrogen abundance, and to precisely determine the luminosity and temperature of the star. Measurement of fundamental parameters of massive stars in nearby galaxies, such as the M 33 galaxy, rich in massive stars, may prove to be more confident than in our Galaxy, since the distances to galaxies are measured with sufficient accuracy.
LBV stars reveal strong spectral and brightness variations at a roughly constant bolometric luminosity. Characteristic times of such a global variability amount to months and years.
When visual brightness of an LBV star increases, the temperature of the photosphere drops to 9000 − 10000 K, the size of the stellar photosphere increases, and the star enters its high/cold state. From here on, when we mention the photosphere, we refer to the "pseoudophotosphere", i.e. the place in stellar wind, where the observed continuum radiation is formed. With a decrease in visual brightness the temperature notably increases up to 35000 K or higher [1, 4, 5] , the size of the star decreases, it enters its low/hot state.
In the hot state the LBV spectra are very similar to the spectra of WNL stars. However, the bona fide WN7/8/9-type stars differ from the LBVs in the low/hot state by a number of spectral features [3, 6] and low hydrogen abundance.
The so-called transitional (or "slash") stars of the Ofpe/WN9-type, isolated in a separate class by Walborn [7] Such stars, which may be suspected to belong to the LBV type, are commonly called dormant LBVs. Note that dormant LBV stars can be found not only among the WNL stars. Two classical LBV stars, η Car and P Cyg now have a spectrum of OB-hypergiants, their brightness variability is low. However, a few hundred years ago they had giant eruptions [1] . If it were not for these giant brightenings of η Car and P Cyg and the famous nebula around η Car, we would not be able to suspect them in belonging to the LBV class.
There are two LBV objects known that revealed LBV ↔ WNL-type transitions in recent years. This is an LBV star AG Car in our Galaxy (see, for example, [8] ) and an LBV star V 532 in M 33, to which we devote this paper. A reverse transition is as well known, WN3 → WN11(LBV) → WN4/5, this is a massive WR binary HD 5980 in SMC (e.g., [9] ). The study of such stars is particularly important. Obviously, the parameters of these stars can be determined more accurately, since during the dras- The star V 532 ( [10] 1 , other names Romano's Star, GR 290) was discovered by G. Romano in 1978 [11] . He assumed that this blue star belongs to the Hubble-Sandage-type variables. However, without spectral data no definite conclusions could be done. Furthermore, this star was studied photometrically in [12] [13] [14] [15] [16] . Photometric behavior of this star is quite typical for LBVs, it is very similar to the observed brightness variation in AG Car [17] . Even the total amplitude of visual brightness variation of these two stars is equal, it amounts to 2.3 − 2.5 m .
The first spectrum of V 532 was apparently obtained by T. Szeifert in 1992, and published in 1996 [4] . In his paper, this star was classified as an LBV candidate. The second spectrum was [1] it is also described as a candidate. Explicit spectral variability of V 532 was found from the spectra, obtained from 1992 to 1999 [19] . Photometric variability, followed by spectral variability, did not leave any doubt that V 532 is an LBV [19] .
Later, V 532 has been spectrally studied as an LBV star in [20] [21] [22] [23] [24] [25] , where new evidences of spectral variability were presented. From the 1998-2001 spectra, when the star had an intermediate brightness, Fabrika et al. [21] found that its spectrum corresponds to the Ofpe/WN9-type. Using quantitative spectral criteria introduced in [26] , they classified the star as WN10-11. In the same paper [21] a nebula of low surface brightness was found around V 532. The stellar parameters were found in [24] from the spectral energy distribution (SED), constructed based on the optical observations [27] , performed between autumn 2000 and autumn 2001, when the star was in its intermediate brightness state
(spectral class WN10-11 [21] ). The temperature of its photosphere was estimated in [24] as T ∼ 35000 K, luminosity lg(L/L⊙) = 6.24, and the value of interstellar absorption A V ∼ 0.8. In this paper, we present the longest series of spectral and photometric observations of V 532, based on which we trace the variations in the stellar spectrum.
OBSERVATIONS

Photometric Observations
For the photometric estimates of the V 532 we used the initial data by Romano [11] . These [15, 28] . All the photographic estimates were reduced to the B system. The accuracy of these estimates is approximately 0.1 m , but it decreases and the error reaches 0.2 m when the star gets weaker, near a plate edge the error can reach 0.5 m . A more detailed description of all the photographic data is presented in [16] . We also use several estimations by Viotti et al [22] , and one by
Humphreys [29] . They are well consistent with our data.
Spectral Observations
The spectra of V 532 were obtained mainly with the 6-m BTA telescope using the UAGS, MPFS [21] and SCORPIO [30] instruments. We also use the spectrum of V 532, courtesy of T. Szeifert [4] , obtained in October 1992 on the 3.5-m Calar Alto telescope with the TWIN spectrograph, and the spectrum obtained at our request by A. Knyazev on the 2.2-m Calar Alto telescope with the CAFOS spectrograph in June 1999. We also present here the spectrum we obtained on the SUBARU telescope with the FO-CAS spectrograph. It has been taken within the SS 433 observational program [31] to make a comparison of spectra of these two objects. SS 433 spectrum (hot wind of the supercritical accretion disk) is very similar to the spectra of WN 10-11-type stars [32] . The log of spectroscopic observations is given in the Table, which also presents the spectral ranges and resolution for each observation. All the spectra were processed by standard techniques, used for the corresponding spec- 
We shall use this dependence further in the anal- Open circles photographic observations from [16] , filled circles photographic observations by Romano [11] , squares data from [22] , triangles CCD observations from [16] .
The arrows mark the timings of spectral observations. Over the 50 years of observations the star revealed an absolute maximum between 1992-1994 (high/cold state) and an absolute minimum between 2007-2008 (low/hot state).
Spectral Variability
Spectral observations cover the period from we will not dwell on the detailed identification of the spectrum of V 532 in this paper (see its description in [21] and [25] ), rather, we will describe here the evolution of the spectrum and individual characteristic spectral lines.
Significant variations are seen in HeI line intensities, the appearance and dis- close to the photosphere (2 − 3 radii of the photosphere), while the 4686Å line is formed at the distance of several tens of radii of the photosphere [34] .
When V 532 goes through a transition from its high to low state, the spectral variations in the star are quite obvious ( Fig. 4-7) , the photosphere temperature increase is naturally followed by the appearance and strengthening of high-excitation lines. Spectroscopy covers two high states: one [NII] λ5755 and some permitted lines (see below). We believe that all these forbidden lines are formed in the outer extended stellar atmosphere, the asymmetry of which may lead to a distortion of radial velocities. Focusing on the good agreement between the radial velocities, measured from symmetrical Si II and Hβ emission lines in the spectra, obtained with the time difference of 15 years with a better spectral resolution, we adopt the radial velocity of the star as −184 ± 3 km/s.
Spectral Classification
In the intermediate brightness state in 1998 − 2001 (Fig. 2) , Fabrika et al. [21] , using quantitative spectral criteria introduced by
Crowther and Smith [26] found that the spectral type of V 532 corresponds to WN10-11. Later, 14 based on the 2008 spectra, when the star was in its lowest state, Polcaro et al. [20] using the same criteria [26] found that the spectral class of the star is close to WN8-9. It appears that depending on the value of visual brightness the spectral class of V 532 varies between WN11 and WN8-9.
Having the longest series of spectroscopic observations we can analyze the variability of V 532 in more detail. Figure 8 reproduces the basic diagrams from [26] , describing the classification (mainly temperature) sequences of late WN stars. In [26] (Fig 8a and [26] ).
The movement of V 532 in the direction of WR 25
and Sk −67 • 22 in Fig. 8b is not related to the to the geometric mean of their neighboring Pickering lines [38] appears to be equal to 18 ± 6, which means a subclass "h", i.e. an explicit presence of hydrogen. He II λ4686 line is very weak, but clearly broadened, as discussed above (Fig. 8b) . In the state of absolute maximum this line is very bright and has an explicit broad component. For Fig. 9 we approximated it as a one-component line, since a two-component profile of He II can be reliably studied only from the spectra with the highest S/N ratio. Below, we discuss the broad component 4686 and its behavior. We can see (Fig. 13 ) that in the state of absolute minimum a clear correlation is observed between the excitation potential and the velocity in ∆V ae , the higher the potential, the lower the velocity of wind. The markings are the same as in the previous figure. In the state of absolute minimum we can observe the kinematic profile of the atmosphere (the wind), the wind temperature decreases with increasing distance from the photosphere, the lower the gas temperature in the wind, the faster the expansion of the atmosphere. The wind velocity depends on a number of factors, and it can be only nominally expressed by a simple dependence ∆Vae ∝ I(B) −1/3 , which is shown by a dashed line. The value of ∆Vae determines the wind velocity in the region of line formation.
Temperature Variations in the
to ∆B ≈ 2. This implies that the wind velocity increases outwards, and that the wind temperature in the extended atmosphere of V 532 decreases with distance from the star.
Using quantitative spectral criteria, introduced in [26] , it was found in [21] [20] , using the same criteria [26] found that the spectral type of V 532 was close to WN8-9. It means that the spectral class of V 532 varies between WN11 and WN8-9 depending on visual brightness. We confirm these results based on a more representative set of spectra. Using the criteria of spectral classification of WN stars from [38] we have identified the spectral class of V 532 in its low state as WN8.5h, based on several criteria.
Using the Crowther and Smith diagrams [26] we have traced the evolution of V 532 along We found that during the visual minima all the three stars perfectly fit into the sequence of WNL stars [26] . However, when the visual brightness increases, all the three stars, AG Car, V 532 and HD 5980 form a separate sequence, not consistent with the WNL sequence [26] , and hence they depart beyond its limits. Meanwhile, V 532, both in the local maximum, and with increasing visual brightness falls into one and the same new sequence.
The departure from the WNL sequence with increasing brightness is related to the HeII λ4686 line broadening, when its width does not correspond to its equivalent width, which is required to remain within the WNL sequence. Perhaps this is due to the wind which is denser, than those, observed in the WNL stars, i.e., due to the line broadening via the Thomson scattering.
It is possible that what we see is a new property of LBV stars, when in the high/cold state they do not correspond to the latest bona fide WNL stars. We presently know only three examples of such transitions. Obviously, to make more reliable conclusions one requires additional observations and new objects.
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